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INTEGRATED FET AND SCHOTTKY DEVICE 
FIELD OF THE INVENTION 

[0001] The present invention relates to a power semiconductor device and 
more particularly to a power semiconductor device which includes a schottky 
device and a MOSFET both formed in a common die. 

BACKGROUND OF THE INVENTION 

[0002] A major factor of concem in power applications is power loss. 
Power loss in power applications may be in large part due to power losses by 
the power switching devices, such as power MOSFETs, within the power 
circuit. For example, the power loss associated with the body diode of a 
power MOSFET is a factor that contributes to the overall power loss of a 
power circuit. 

[0003] The high frequency and high current demands of the modem 
power appHcations require the reduction of power loss. To prevent power 
loss from the body diode of a MOSFET it is loiown to use a schottky device in 
parallel with the body diode, which turns on at a lower voltage than the body 
diode to prevent conduction by the body diode of the MOSFET. Co- 
packaged MOSFET and schottky devices have thus been developed for use in 
power applications. Such packages, however, are relatively large and exhibit 
undesirable transient behavior. 
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SUMMARY OF THE INVENTION 

[0004] To overcome the drawbacks of the prior art devices a device 
according to the present invention includes a schottky device and a power 
MOSFET both formed in a common die. As a result a device according to the 
present invention is more compact and exhibits less power loss. 
[0005] A semiconductor device according to the present invention 
includes a trench type MOSFET and a schottky device both formed in a 
common die. The trench type MOSFET includes a plurality of trenches each 
supporting a gate structure. The schottky device includes a schottky barrier 
that is disposed over and in schottky contact with portions of the top surface 
of the die. According to an aspect of the present invention, the schottky 
device includes a plurality of schottky regions each of which is disposed 
between a group of trenches of the MOSFET device. In a device according to 
the present invention, a common contact makes contact with the source 
regions of the MOSFET and the schottky barrier of the schottky device. 
[0006] According to the first embodiment of the present invention, each 
schottky region includes a schottky barrier disposed over and in schottky 
contact with at least one mesa formed in the die. The mesa is adjacent to a 
trench on either side thereof each of which includes a layer of oxide on its 
sidewalls and contains a conductive material. In the device according to the 
first embodiment of the present invention, the schottky barrier extends over 
the mesa and makes contact with the conductive material in each trench. 
[0007] According to the second embodiment of the present invention, the 
schottky barrier in each schottky region of the schottky device does not make 
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contact with the conductive material in the trenches adjacent to the at least one 
mesa and only makes contact with a portion of the mesa. 
[0008] According to the third embodiment of the present invention, each 
schottky region in the schottky device includes a schottky barrier formed over 
a portion of the top surface of the die. No schottky trenches are used in a 
device according to the third embodiment of the present invention, 
[0009] Other features and advantages of the present invention will 
become apparent from the following description of the invention which refers 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0010] Figure 1 is a top plan view of a semiconductor device according to 

the present invention illustrating schematically the arrangement of schottky 

regions in a semiconductor device according to the present invention. 

[0011] Figure 2 is a cross-sectional view of a portion of a device 

according to the first embodiment of the present invention. 

[0012] Figures 3-7 illustrate the processing steps undertaken to obtain a 

device according to the first embodiment of the present invention. 

[0013] Figure 8 is a cross-sectional view of a portion of a device 

according to the second embodiment of the present invention. 

[0014] Figures 9-10 illustrate the steps undertaken to obtain a device 

according to the second embodiment of the present invention. 

[0015] Figure 1 1 is a cross-sectional view of a portion of a device 

according to the third embodiment of the present invention. 
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[0016] Figure 12-15 illustrate the steps undertaken to obtain a device 
according to the third embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
[0017] Referring to Figure 1, a semiconductor device according to the 
present invention includes a schottky device and a field effect device formed 
in a common die thus forming an integrated FET and schottky device. The 
field effect device in a semiconductor device according to the present 
invention is a trench type MOSFET. As is known in the art a trench 
MOSFET includes a plurality of gate structures. Each gate structure is a 
trench formed in the body of the die and includes a gate oxide layer on its 
sidewalls and contains a conductive gate material serving as a gate electrode. 
A typical MOSFET may include a great number of gate structures formed side 
by side. 

[0018] A schottky device according to the present invention includes a 
number of schottky regions 12. According to one aspect of the present 
invention, the gate structures of the MOSFET are arranged in groups such that 
each schottky region 12 is adjacent to a group of gate structures 14 as 
schematically shown by Figure 1. The groups of gate structures 14 are 
connected to gate contact 6 by gate mnners (not shown) in a known manner 
so that they are operated in unison to activate the MOSFET. 
[0019] It should be noted that to illustrate the invention the relative 
dimensions and numbers of schottky regions 12 and groups of gate structures 
14 have been exaggerated. One skilled in the art would recognize that the 
dimensions and the number of schottky regions 12 and groups of gate 
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structures 14 are a matter of design choice and in typical applications may 
range in hundreds of thousands or even more. 

[0020] Referring to Figure 2, a semiconductor device 10 according to the 
first embodiment of the present invention includes at least one schottky region 
12 and a field effect device that includes groups of gate structures 14 formed 
in a common die 8. Die 8 may include a highly doped substrate 16 of one 
conductivity type and a lightly doped epitaxial layer 18 of the one 
conductivity type formed over a major surface of substrate 16. Substrate 16 
may be doped with red phosphorous although other highly-doped substrates 
may be used without deviating from the present invention. 
[0021] The field effect device in semiconductor device 10 according to 
the first embodiment of the present invention includes a plurality of gate 
structures similar to gate structures of known trench type devices. According 
to one aspect of the present invention each group of gate structures 14 is 
disposed adjacent a schottky region 12 as illustrated by Figure 2. 
[0022] Each trench 20 is formed in epitaxial layer 1 8 and includes gate 
oxide 22 of an appropriate thickness on its side walls, optionally a thick oxide 
layer 24 at the bottom thereof, and a conductive material 26 such as 
polysilicon which serves as a gate electrode in trenches 20. 
[0023] The field effect device in semiconductor device 1 0 also includes 
base region 28, and source regions 30, Base region 28 is formed in epitaxial 
layer 18 by counter doping of the same with dopants of a conductivity opposite 
to that of epitaxial layer 18. 

[0024] Source regions 30 are highly doped regions of the same 
conductivity type as epitaxial layer 18. Each source region 30 extends from 
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the top surface of die 8 to a predetermined depth inside base region 28 and is 
disposed adjacent a sidewall of a trench 20. 

[00251 Each trench 20 extends from the top surface of the die to a depth 
below base region 28. The areas in base region 28 adjacent to a gate oxide 22 
can be inverted by application of an appropriate voltage to conductive 
material 26 adjacent thereto to form a channel region in base region 28 
adjacent the gate structure. Channel regions electrically connect source 
regions 30 to the regions of epitaxial layer 18 below base region 28 
(hereinafter "drift region"), thereby allowing conduction between the two. 
[00261 In semiconductor device 10 according to the first embodiment of 
tfie present invention, depressions 32 are formed between each pair of 
trenches 20. Also a highly doped region 34 of the same conductivity type as 
base region 28 is formed at the bottom, and source regions 30 are located at 
the opposing sidewalls of each depression 32. According to one aspect of the 
invention, a layer of Ti or TiSij is formed over the sidewalls and the bottom 
surface of each depression 32 to reduce sheet resistance. 
[00271 In the first embodiment of the present invention, each schottky 
region 12 includes schottky barrier 40. Schottky barrier layer 40 is preferably 
composed of TiSij, although other suitable barrier materials may be used 
without departing fi-om the spirit of the present invention. Schottky barrier 40 
is formed over mesa 36 having two trenches 38 disposed on either side 
thereof The sidewalls of each trench 38 is lined with gate oxide 22 and the 
bottom of each trench 38 optionally includes a tiiick oxide layer 24. In the 
first embodiment of the present invention, schottky barrier 40 is formed over 
and is in schottky contact with the mesa, and a portion of the sidewalls of 
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mesa 36, and the top of conductive material 26 in each trench 38. Extending 
schottky barrier 40 to the sidewalls of mesa 36 is advantageous in that it 
increases the schottky active area. It should be noted that schottky regions 12 
in a semiconductor device according to the first embodiment of the present 
invention are not restricted to one mesa 36. 

[0028] According to an aspect of the present invention, semiconductor 
device 10 includes contact layer 42 which extends over the top surface of the 
die and is in electrical contact with schottky barrier 40 and source regions 30 
(through TiSi2 layers disposed on the sidewalls of depression 32). Contact 
layer 42 thus serves both as source contact for the field effect device and the 
schottky contact for the schottky device in a semiconductor device according 
to the present invention. It should be noted that contact layer 42 is insulated 
from conductive material 26 in trenches 20 by insulation plugs 44 which are 
preferably composed of a low temperature oxide such as TEOS. According to 
the preferred embodiment of the present invention contact layer 42 is 
composed of Al, AlSi or AlSiCu. 

[0029] Semiconductor device 1 0 also includes termination structure 48, 
which surrounds (see Figure 1) the active area (area including schottky device 
and field effect device). Termination structure 48 includes field oxide layer 
52 disposed over the bottom and sidewall of deep depression 50, and 
polysihcon layer 54 disposed over field oxide layer 52. Deep depression 50 is 
formed around the active region in semiconductor device 10, and extends to a 
depth below base region 28, and preferably below the depth of trenches 20 
and 38. Termination structure 48 further includes a layer of low temperature 
oxide 56 which may be TEOS or the like, disposed over polysilicon layer 54, 
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and termination contact 58 disposed over the layer of low temperature oxide 
56, and electrically connected to polysilicon layer 54 through access hole 57 
in the layer of low temperature oxide 56. Device 10 is not limited to 
termination structure 48, but may include a conventional termination structure 
such as a conventional field plate. 

[0030] In addition, semiconductor device 10 includes bottom contact 46 
which serves both as the drain contact for the field effect device and the 
second contact for ttie schottky device. Bottom contact 46 may include any 
suitable conductive structure such as a conventional trimetal structure. 
[0031] The process for manufacturing device 10 will now be described. 
[0032] Referring first to Figure 3, starting with die 8, a thin layer (e.g. 
230A) of pad oxide 60 is grown atop a major surface of die 8, Next, a 
relatively thicker layer (e.g. 1200A) of Si3N4 62 is deposited over the layer of 
pad oxide 60. A layer of photoresist 64 is then deposited over the layer of 
Si3N4 62 and through photolithography deep depression 50 is defined in die 8. 
[0033] Referring next to Figure 4, the layer of photoresist 64 is removed 
and a layer of field oxide 66 is grown over the sidewall and the bottom of 
deep depression 50. A layer of photoresist 68 is next deposited and processed 
through photolithography to provide windows 70 over selected portions of the 
top surface of die 8. Next, dopant atoms of the opposite conductivity type to 
the conductivity type of die 8 are implanted in the top surface of die 8 through 
windows 70, the layer of Si3N4 62 and pad oxide 60, and driven in a diffusion 
drive to a desired depth to form laterally spaced base regions 28. Prior to the 
diffusion drive the layer of photoresist 68 is removed. 
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[0034] Referring next to Figure 5, trenches 20, 38 are formed to a depth 
below base region 28 in die 8 by, for example, photolithography and etch. 
Next, any leftover photoresist material from the latter photolithographic 
processing is removed and thick oxide layer 24 on the bottom, and gate oxide 
layer 22 on the sidewalls of each trench are formed as follows. 
[0035] First, a sacrificial oxide layer is grown on and removed from the 
sidewalls and the bottom of trenches 20, 38. Next a layer of pad oxide is 
grown over the sidewalls and the bottom of trenches 20, 38 followed by the 
deposition of a layer of Si3N4 over the pad oxide layer. Si3N4 at the bottom of 
each trench 20, 38 is then removed by dry etching and the bottom of each 
trench 20, 38 is further oxidized to form thick oxide 24 at the bottom of each 
trench 20, 38. Next, the remaining portion of Si3N4 is removed from the 
sidewalls of trenches 20, 38 and gate oxide layers 22 are grown on the 
sidewalls of the trenches. 

[0036] Thereafter, a layer of polysilicon is deposited which results in the 
filling of trenches 20, 38. The polysilicon layer is then etched to leave each 
trench 20, 38 at least partially filled with polysilicon, and to leave the layer of 
polysilicon 54 over the layer of field oxide 52. The polysilicon remaining in 
each trench 20, 38 constitutes a conductive material 26 as described earlier. 
The top surface of each conductive material 26 may be next oxidized as 
shown by the broken lines in Figure 5. 

[0037] Referring next to Figure 6, the remainder of Si3N4 62 is next 
removed by wet etching, and photoresist layer 72 is deposited. Photo resist 
layer 72 is then etched so that an area 74 on the top surface of die 8 is 
exposed. Area 74 will be the site of the active region for the field effect 
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device as will be seen later. Source dopants of the same conductivity as 
epitaxial layer 18 (opposite to base layer 28) are then implanted in area 74 to 
form counter-doped region 76 in base region 28. It should be noted that a 
portion of photoresist layer 72 is left over mesa 36 and trenches 38 adjacent 
thereto during the implantation of the source dopants. Photoresist layer 72 is 
then removed (removal indicated by broken lines) and TEOS 56 is deposited 
over the entire surface of the structure. 

[00381 Referring next to Figure 7, by applying photolithography, 
depressions 32 are formed in die 8 to a depth below counter-doped region 76 
leaving insulation plugs 44 (formed from TEOS 56) over the top of trenches 
20, 38. Preferably, insulation plugs 44 are etched to have tapered sidewalls. 
Next, any remaining photoresist is removed and source dopants are driven in a 
diffusion drive step to form source regions 30. Dopants of the same 
conductivity type as base region 28 are then implanted at the bottom of each 
depression 32 and driven to form high conductivity regions 34. 
[00391 Referring again to Figure 2, insulation plug 44 over mesa 36 and 
trenches 38 adjacent thereto is removed through photolithography. Any 
photoresist left from the photolithographic step is then removed and a layer of 
Titanium is deposited and titanium silicide barrier forms by rapid thermal 
annealing (RTA). Unreacted titanium is then removed from the top of 
insulation plugs 44 and TEOS layer 56, and a layer of AL is deposited and 
sintered to form contact layer 42. To obtain device 10 the back contact 46, 
and gate contact 6 (Figure 1) are formed according to any conventionally 
known technique. 
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[0040] Referring to Figure 8, device 78 according to the second 
embodiment of the present invention is similar in all respects to device 10 
except that the schottky region 12 of device 78 includes schottky barrier 80, 
which unlike schottky barrier 40 of device 1 0, only makes contact to the top 
surface of mesa 36 and does not extend to the sidewalls of trenches 38 and the 
polysilicon inside trenches 38. 

[0041] The process for manufacturing device 78 according to the second 
embodiment has fewer mask steps than the process for manufacturing device 
10 according to the first embodiment, and is carried out according to the 
process described above with reference to Figures 3-5 in combination with the 
following additional steps. 

[0042] Referring next to Figure 9, unlike the process set forth above for 
the manufacturing of device 10 (first embodiment) the layer of Sij}^^ 62 is not 
removed after the formation of conductive material 26 (i.e., deposition of 
polysilicon in trenches 20). Rather, without removing the layer of Si3N4 62, a 
layer of TEOS 56 (shown by broken lines) is deposited and densified. Next, 
by application of photolithography TEOS 56 is removed (removed portion 
shown by broken lines) until S^'H4 62 is exposed leaving insulation plugs 44. 
It should be noted that similar to the processing of device 10 (first 
embodiment) a layer of TEOS 56 is left in the termination area. 
[0043] Referring next to Figure 1 0, the remaining Si3N4 is removed by 
wet etching and a second layer of TEOS 82 (shown by broken lines) is 
deposited. Then, insulated spacers 84 are formed on the sidewalls of 
insulation plugs 44 by anisotropic etching of the second layer of TEOS 82. 
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The latter etching step is continued until at least the top surface of die 8 is 
exposed. 

[0044] Next, using a source mask 33 source dopants are implanted at an 
angle. Depressions 32 are then formed on the top surface of die 8 using any 
appropriate etching method. 

[0045] Referring again to Figure 8, dopant atoms of the same conductivity 
type as that of base region 28 are implanted through the existing source mask 
33 at the bottom of each recess 32, and, thereafter driven along with the 
source dopants to form high conductivity regions 34 and source regions 30 
respectively. Next, source mask 33 is removed, and after a cleaning step, a 
layer of Ti is deposited, subjected to silicidation and appropriately etched to 
form schottky barrier 80 over the top of mesa 36, and TiSij over the surfaces 
of depressions 32. Contact 42 and bottom contact 46 are then formed in the 
same manner described above with reference to device 10. 
[0046] Referring to Figure 1 1 , device 86 according to the third 
embodiment of the present invention includes all of the features set forth in 
device 10 (first embodiment) and device 78 (second embodiment) except that 
schottky region 12 of device 86 is not formed over or on a mesa adjacent to 
two laterally spaced trenches. Rather, schottky region 12 in device 86 
includes schottky barrier layer 40 which is formed over the top surface of a 
region in epitaxial layer 18 that has not been counter-doped. It should be 
noted that base region 28 near schottky region 12 of device 86 is deepened 
and more highly doped (regions 92) relative to the rest of base region 28 in 
order to reduce electric field stress and increase breakdown voltage. It should 
also be noted that counter-doped regions 90 are laterally spaced from one 
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another, and each includes at a lateral edge thereof a region 92 which extends 
deeper into epitaxial layer 18 and is more highly doped relative to the rest of 
counter-doped regions 90 

[0047] Device 86 according to the third embodiment of the present 
invention is manufactured according to the following process. 
[0048] Referring first to Figure 12, a layer of oxide is formed over the top 
surface of die 8. Next through photolithography and etch, portions of the 
layer of oxide are removed to open windows 89 in the layer of oxide to form 
layer of oxide 88 (soUd line) and layer of oxide 92a (broken line), and expose 
part of the top surface of epitaxial layer 18 in window 89 area. Implanting 
through the window 89, counter-doped regions 92 are formed in epitaxial 
layer 18. Then a photoresist layer is formed over layer of oxide 88 and layer 
of oxide 92a is removed to expose part of the top surface of epitaxial layer 18. 
Using layer of oxide 88 (not removed by photolithography and etch) as a 
mask counter-doped regions 90 are formed in epitaxial layer 18. Thereafter, 
source dopants are implanted in the counter-doped regions 90 using layer of 
oxide 88 as a mask. It should be noted that source dopants are implanted to a 
depth less than the depth of the counter-doped regions 90. It should also be 
noted that counter-doped regions 90 are merged with counter-doped regions 
92 as shown in Figure 12. Regions 92 extend deeper into epitaxial layer 1 8 
than regions 90 and through a drive step laterally extend to areas below layer 
of oxide 88. 

[0049] Referring to Figure 13, preferably counter-doped regions 90 and 
regions containing source dopants are driven in a diffusion drive to form base 
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region 28, and source regions 30. Trenches 20 are then formed through 
photolithography to obtain the structure shown in Figure 13. 
[0050] Referring to Figure 14, a layer of oxide 94 is grown atop the 
structure shown by Figure 13 including the sidewalk and bottom of each 
trench 20. It should be noted that the process may be modified to obtain 
trenches 20 having thick oxide bottoms similar to device 10 (first 
embodiment) and device 78 (second embodiment). After forming the layer of 
oxide 94, a layer of polysilicon is deposited, and then etched enough (along 
with any underlying oxide) to leave each trench 20 partially filled with 
polysilicon (conductive material 26) which will serve as a gate electrode. 
[0051] Referring next to Figure 1 5, the rest of oxide 88 layer is then 
removed and a layer of TEOS 96 (shown by broken lines) is then deposited 
over the structure shown by Figure 14. Next, openings 98 (shown by vertical 
broken lines) are opened in the layer of TEOS 96 to expose certain portions of 
the top surface of epitaxial layer 18, which portions are etched to create 
depressions 32. Thereafter, dopants of the same conductivity type as base 
region 28 are implanted at the bottom of each depression 32 and driven in a 
diffusion drive to form high conductivity regions 34. Insulation plugs 44 are 
then formed by the removal of selected portions of TEOS 96 (removed 
portions shown by broken lines) through, for example, photolithography. 
[0052] Referring again to Figure 1 1 , a layer of Ti is deposited over the 
structure shown by Figure 15 by, for example, sputtering and then annealed to 
form TiSij which serves as the barrier material for schotfky barrier 40 over 
that region of epitaxial layer 18 between laterally spaced base regions 28. It 
should be noted that TiSij may also extend over the sidewalls and the bottom 
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of each depression 32. Next, excess TiSij is removed from the top of 
insulation plugs 44 and contact layer 42 is sputtered on. Bottom contact 46 is 
then deposited over the bottom of die 8 to form device 86 according to the 
third embodiment of the present invention. 

[0053] Although the present invention has been described in relation to 
particular embodiments thereof, many other variations and modifications and 
other uses will become apparent to those skilled in the art. It is preferred, 
therefore, that the present invention be limited not by the specific disclosure 
herein, but only by the appended claims. 


